We propose a new baryogenesis scenario based on coherent production and mixing of different fermionic species. The mechanism is operative during phase transitions, at which the fermions acquire masses via Yukawa couplings to scalar fields. Baryon production is efficient when the mass matrix is nonadiabatically varying, nonsymmetric and when it violates CP and B-L directly, or some other charges that are eventually converted to B-L. We first consider a toy model, which involves two mixing fermionic species, and then a hybrid inflationary scenario embedded in a supersymmetric Pati-Salam GUT. We show that, quite generically, baryon excess in accordance with observation can result.
1. Introduction. -Baryogenesis scenarios beyond the standard model often invoke the out-of-equilibrium decay of heavy particles [1, 2] . Well-known notable exceptions are the mechanisms proposed by Affleck and Dine [3] and by Cohen and Kaplan [4] , both being operative in the presence of scalar condensates.
In this Letter, we present a novel baryogenesis scenario involving nonadiabatic evolution of classical scalar fields during phase transitions, at which the baryon-lepton symmetry of the gauge group of a grand-unified theory (GUT) is broken. Yukawa couplings give rise to time dependent mass terms for matter fields and thereby the resonant production of particles [5] . Furthermore, the mass matrices are temporarily nondiagonal, inducing thus flavor oscillations between species with baryonic and leptonic charge. At the end of the phase transition, when the mass matrix becomes diagonal, the charges get frozen in. Since this mechanism relies on the interplay of coherent particle production and B-L-violating flavor oscillations we call it coherent baryogenesis. We emphasize the conceptual simplicity of coherent baryogenesis, since it involves the tree-level dynamics of quantum fields only.
2. Formalism.-For our calculations we adapt the kinetic approach (cf. Refs. [6 -8] ), which makes use of the dynamics of Wigner functions, which are closely related to classical phase space distributions.
To compute them, we extend the formalism of Refs. [7, 8] . We define the Wigner function,
where a; b 1; . . . ; N are species indices and i 0 S < y i 0 S < is Hermitian. Our derivation will go through for a two-point function with general density matrix, but in view of our applications in inflation we prefer to write it with respect to the vacuum from the outset. Introducing an N N matrix M and its Hermitian and antiHermitian parts, respectively,
we find that iS < obeys the Wigner space Dirac equation
The mass matrix M emerges generically from Yukawa couplings to scalar field condensates, L Yu ÿy R L H:c:, which can induce CP violation in the fermionic equations [7, [9] [10] [11] . It is notable that in coherent baryogenesis the condensate does not have to carry a charge, while this is necessary for the Affleck-Dine mechanism [3] , therefore being conceptually different. This can be seen explicitly from the two examples in this Letter, where the scalar condensates are always real, and therefore q ih y @ $ t i 0. However, the time dependence of M plays here another important role. For N 1, the Dirac equation consists of two first order differential equations due to the 2 degree of freedom of the fermionic field. Thus, also dM=dt can contribute CP violation, and in general, both sources from M and dM=dt cannot be simultaneously removed by local phase reparametrizations of the fermionic fields, cf. Ref. [8] for an example. When N > 1, even higher derivatives of M are involved, allowing, in principle, multiple sources of CP violation. We stress that this is a very different situation from the standard model quark mixing Cabibbo-Kobayashi-Maskawa matrix, or lepton mixing Maki-Nakagawa-Sakata matrix, where at least three generations of quarks or leptons are required for one CP-violating phase.
We now make use of the fact that the helicity operator h h k k 0 5 , commutes with the Dirac operator in (1) and decompose the Wigner function
where we have omitted the species indices,k k k=jkj and , ( 0; 1; 2; 3) are the Pauli matrices. We multiply (1) by , take the trace and integrate the Hermitian part over k 0 . Introducing the 0th momenta 
The f h x; k can be interpreted as follows: f 0h is the charge density, f 3h is the axial charge density, and f 1h and f 2h correspond to the scalar and pseudoscalar density, respectively. Note that the commutators in (3), which mix particle flavors, are essential for the production of the charges f 0h , and thus for our scenario.
For an originally diagonal mass matrix and adiabatic conditions, the initial Wigner functions describing zero particles are (cf. Ref. [8] (3) under CP while leaving the scalar condensate invariant, we find that, in spite of M being Hermitian, CP is broken for the fermions, because M Þ M . Damping is introduced through a phenomenological decay rate ÿ and through the Hubble expansion in a matter dominated universe, e.g., the scale factor is a a m 2 , where denotes the conformal time, and 0 d=d ad=dt. The equation of motion for a scalar is given by 
For 1 , we employ c 1 , c 2 0, and ! , for 2 , c 1 0, c 2 , and ! 1:5, and we set a m 2 .
We approximate the effect of damping by multiplying the solutions (6) by A expÿ [8, 12] . We illustrate the motion of the mixing fermionic mass terms in conformal time in Fig. 1 .
Requiring that there are no particles at 2:1 ÿ1 , we choose initial conditions in accordance with (4) and solve (3) numerically, to find fermion number production as displayed in Fig. 2 
